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ABSTRACT
, UNCLASS!FlfrD
The frequency spectra due to the detection in low sea 
states (1-2) of $2 snorkels and 6 attack periscopes on an 
X-band coherent radar have been analyzed with a resolution 
of about 10 cps (l/3 knot). The narrow "direct” echo 
appears as a 10 cps wide signal, but shows strong intensity 
fluctuations of 2 or 3 cps which sets a lower limit on its 
frequency spread.«, The wake echo appears as a broad signal 
similar to sea clutter (80-90 cps wide at half power), but 
is typically displaced from the sea clutter by 80-90 cps 
(2 l/2 - 3 knots). For under-water exhaust snorkels, an 
average of about 60 °/o of the total target power appears 
in the coherent direct echo, and for an over-water exhaust 
snorkel an average of 95 °/o of the total target power 
appears in the direct echo« F©r an attack periscope, about 
1^ .0 °/o of the target power appears in the direct echo«
There are some unexplained discrepancies between the 
known snorkel velocity and the radar measurement of the 
frequency displaced direct echo with respect to sea clutter« 
Some evidence exists that this discrepancy is correlated not 
with the wind and swell direction, but with target aspect 
(target is approaching, or receding from radar)«
There is some evidence that a snorkel can be distin­
guished from a small floating object not only by the 
magnitude of its velocity but also by its constant velocity«
g TT n. T? TC rn--- -
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Accelerations of l/60 g can be detected in one second observa­
tion time. Two detections on a raft clearly showed accelera­
tion, and only $ °/o of the snorkel samples showed measurable 
acceleration.
It is clear that coherent radar offers the possibility 
of improved snorkel detection. A snorkel signal displaced by 
3.Qknots finds itself in clutter which is down about 20 db 
from the intensity at the center of the clutter spectrum. A 
study of the clutter in high sea states suggests that coherent 
radar will also improve detection under these conditions, 
although no detection experiments have been performed.
S E C R E T
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I • Introduction
-M.This is an extension of an earlier report which, 
contains a detailed description of the equipment used and 
the method of operation« Therefore only a cursory descrip­
tion of equipment will be included here®
These observations were made along the ground track 
with an X-band, 2000 p*r«f«, horizental polarization radar, *~ 
beamwidth Ij-ol0, with coherence provided by an echo box*
One pulse length (l/2juss) at a selected range (2500 to 8000 
yards) is sampled, stretched, and recorded as an audio 
signal on a commerical tape recorder. Sections of tape 
ij. to 9 seconds long were later analyzed in the laboratory, 
giving the frequency spectrum of the sea clutter and 
target* It takes about one second for the sensitive 
patch to cross the target* The over-all system has a 
frequency resolution of about 10 cps*
R-27 Preliminary Report on the Observations of Snorkels 
and Sea Clutter Using Coherent, Airborne Radar.
20 November 1952 (SECRET)
This work was done with the assistance of Air 
Development Squadron One, Naval Air Station, Key 
West Florida, under Bureau of Aeronautics project 
BU/V59® The aircraft was provided by the Wright 
Air Development Center*
* A more complete analysis of the observation on sea clutter 
will shortly appear in Report R-37, "Sea Clutter Studies 
Using Airborne Coherent Radar II , 11 (SECRET)*
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Prom amplitude versus frequency graphs obtained in the 
analysis one can quite accurately measure the relative power 
in the sea clutter and in the snorkel signals as well as study 
their characteristic frequency spectra* Prom the time versus 
frequency photographs (analyzer intensity being displayed as 
intensity modulation on an oscilloscope) one observes the 
time dependence of both the sea clutter and target spectra.
Plates I, II and III show 10 examples of snorkel and 
periscope detections, and two examples of raft detection*
These are discussed in detail in a later section of this 
report*
In the following discussion frequency and velocity will 
be used interchangeably, employing the relation, one knot = 32 
cycles per second which is true for X-band radiation*
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II Characteristics of Target Echos and Sea Clutter
The following list summarizes the characteristics of 
the 58 detections which have been analyzed#
(A) Radar echos from snorkels and periscopes consist 
of two distinct types (a) the direct echo and (b) the wake 
echo.
(B) The direct echo is narrow in frequency (less 
than 10 cps or l/3 knot). It usually shows no observable 
frequency modulation due to target acceleration. Since 
the target is observed continuously for one second, and 
since changes in velocity of l/3 knot can be distinguished, 
target acceleration in the direction of the radar in excess 
of 1/60 g can be detected. In only two cases (out of 
about l\.0 where the direct echo was visible) did the target 
show an acceleration of l/30 to l/60 g.
The direct echo characteristically shows strong 
intensity fluctuations of two or three cps which sets a 
limit on the signal coherence.
In general, the direct echo is displaced from the 
sea clutter spectrum by its velocity component in the direc­
tion of the radar. There appear to be some exceptions to 
this rule, however, which are discussed in a later section.
(C) The wake echo is much like sea clutter, having an 
average spread at half power of 80 to 90 cps (2 l/2 to 3 
knots). However, it has, on the average, a mean displacement 
from the sea clutter of about 2 l/2 to 3 knots. Usually
S E C R E T
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the wake echo is shifted in the same direction with respect to 
the sea clutter as is the direct echo®
(D) For the under-water exhaust type of snorkel, about 
60 °/o of the total echo power is in the direct echo, and 
about 1|0 °/o is in the wake echo. The presence of search 
periscope did not appear to make any difference in these 
figures, or in the total power received. In individual 
detections there is a wide variation ranging all the way from 
pure direct echo to pure wake echo. The correlation of this 
effect with synchronized movie photographs of the target is 
an objective of further study0
(E) For the over-water exhaust type of snorkel (USS 
Amberjack) about 9? °/o of the total echo power is in the 
direct echo, and about 5> °/o in the wake echo. Three samples 
in which the search periscope was present showed signals of 
considerably increased strength, but the sample size is too 
small to draw any reliable conclusions®
To give an idea of how much variation occured in 
sixteen individual snorkel detections, the direct echo 
power/sea clutter power ratios were as followst 0.1 , 0.3*
0.3, 0.7, l.o, 1 .2 , 1.2, 1.5, 2.0, 2.3, 2.7, 3.^ 4-, ¿4.7, 7,
7, 12, with average = 3*
(F) Six detections of an attack periscope showed an 
average of I4.O °/o of the power in the direct echo, and 60 °/o 
of the power in the wake echo. In only two detections did 
the direct echo exceed the wake echo in power.
S E C R E T
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(Gr) Two detections of a life raft showed a velocity 
of less than one knot with respect to the clutter, but 
evidenced, during the one second observation time, a 
measurable frequency modulation due to target accelerations
(H) The low sea state clutter against which these
detections were observed had the following characteristics:
The spectrum is symmetrical and is 80 to 
90 cps wide at half power* It is down 
\3-26» db from the center intensity at dis­
placements of about 100 cps (3 knots) 
either side of center*
(I) Although this report is not primarily concerned 
with sea clutter, it is relevant to point out some of the 
conclusions reached regarding the nature of the sea clutter 
observed in sea state Ij.+* We observed a ’’core" of the sea 
clutter x-Jhich has a spectrum almost identical to the low 
sea state spectrum described above* Looking upwind or 
downwind, however, one sees ’’wake-like” echos, presumably 
white caps moving downwind with a velocity of ij. or 5 knots* 
These appear only on the crests of the swells, with the 
normal spectrum occuring in the troughs* In all cases the 
upwind edge** of the clutter appears normal, and looking 
crosswind, both edges of the clutter are normal. Thus
Due to those scatteres which are moving upwiaad*
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even though the sea clutter power is greater in high sea states, 
snorkels moving with adequate speed upwind or crosswind should 
be fairly easy to detect particularly since the average length 
of exposed snorkel is greater* If the radar has a narrow 
enough beamwidth and short enough pulse length to resolve 
the swell structure, the extended snorkel should be detec­
table (by its direct echo) in the trough of the swell, even 
when proceeding downwind*
Table I lists, in more detail, some of the results on 
58 detections*
Plates I, II and III show typical detection spectra.
One minor correction should be noted however$ the periscope 
sample, no* 110 on Plate III is from the Chivo and not the 
Amberjack*
It should be noted that the frequency spectra that appear 
between zero and l/2 x p*r*f* can be either normal (fre­
quencies appear in the original order of the r*f* doppler) 
or inverted, (the doppler frequencies appear in reversed 
order)* All of the spectra on Plates I, II, and III are 
normal, excepting no* 106 (Plate I), no* 271 (Plate III) 
and no* 272 (Plate III) which are inverted*
Plate II shows three detections which are displayed in 
the time versus frequency photographs in both the coherent 
form (frequency analysis) and the non-coherent form (no 
frequency discrimination)* To obtain the non coherent signal 
(the band in the right hand part of the photographs) the
S E C R E T
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region containing the snorkel and sea clutter was reproduced 
under identical conditions on the left except that the 
frequency sweep was replaced by a fast horizontal sweep 
which merely spread the light out so the film would not 
be over exposed* The non coherent band, except for the 
limited dynamic range of the film, is identical to a con­
ventional radar which obtains 2000 successive hits on the 
target and integrates them« The original negatives sub­
stantiate what is suggested by Plate II, that no« 228 and 
no« 230 would very probably not be detected on a non coher­
ent radar, but that no« 229 would be detected on both*
There is a remarkable "wake-like" echo on no« 230 just 
above the snorkel signal (about 1^ .00 feet ahead of the 
submarine)« Such an echo was never observed again in all 
our observations on low sea states« Its origin is unknown« 
If this is merely a fluctuation in sea clutter it is the 
only "false target" observed in about 1000 patches of sea 
which have been analyzed in detail« There were no white 
caps on the sea surface during this observation«
The amplitude spectra on Plates I, II and III are made 
at the same time that the time versus frequency photographs 
are taken« For the amplitude versus frequency graphs, the 
output of the 10 cps analyzer filter is envelope detected 
and smoothed with a 0«lq second time constant before being 
applied to the pen of the recording galvonometer«
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III Effect of Target Aspect
Within the' limits of the rather small number of samples, 
no significant dependence of the target signal power on 
target aspect was observed©
There are however, some curious effects concerning 
target velocity which are apparently coordinated with target 
apsect© In brief, it appears that, judging from the direct 
echo, a snorkel approaching the radar is moving too slowly 
with respect to sea clutter, and a snorkel receding from the 
radar is moving too fast©
First consider the case of the G-uavina snorkel, some 
examples of which are shown on Plate II© For all of the 
detections, the snorkel was proceeding at a constant heading 
almost exactly crosswind at 5»0 knots«- The swell and the 
wind (10 K) were constant and were from the same direction©
The aircraft then flew up course and down course making one 
observation at each pass, thus observing either the approaching 
snorkel or receding snorkel© We only consider those cases 
(a) where the direct echo is unmistakable and (b) where there 
is no possible ambiguity in the interpretation of sea clutter 
to direct echo displacement® For three cases where the 
snorkel was known to be approaching at between l].o9 and $.0 . 
knots with respect to the water mass, the radar measured the 
approach velocity to be 1 «6, !]-©0 and 3©9 knots (av9 = 3<»2 
knots) with respect to the average sea clutter© For six cases 
where the snorkel was known to be receding at velocities
S E C R E T
S E C R E T 36-13/19
between Ip.9 and 5.0 knots, the radar measured the receding 
velocity to be 6.9, 7.0, 7.2, 6.6 and 6.9 knots (av. » 6.9 
knots) with respect to the mean sea clutter. On the other 
hand, one conning tower sample (no. 231, Plate II) was known 
to be approaching at I4..6 knots and was measured by the radar 
to be approaching at Ip®7 knots with respect to the clutter • 
Thus the one conning tower sample gives good agreement with 
known velocities, but the snorkel samples show what is 
probably a significant disagreement. Since the submarine 
was always proceeding in a fixed direction with respect to 
the wind and swell, however, one cannot rule out the possi­
bility that the discrepancies are due to the effect of the 
wind on the sea scatterers.
Next consider the case of the Amberjack. Some examples 
are shown on Plate I. Here with wind (15 K) and the swell 
were from the same direction, and constant throughout the run 
which lasted about two hours. Again we consider only clearly 
identifiable direct echos with unambiguous interpretation.
For four cases of an approaching snorkel, the radar measured 
approach velocities which were 3.8, 1.6, 3.3 ^nd £.8 knots 
(av. = 3.6 K) less than the known approach velocities. On 
the other hand the radar measured six receding velocities 
which were 1.7, -0.7, 0.2, 1.5, 0.7, 1«3 knots (av. = 0.8 
K) greater than the known velocity of recession. Thus as
* The clutter in no. 231 is visible only with higher analyzer 
gain setting than that used for Plate II.
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in the case of the G-uavina approaching snorkels appear to be 
too slow and receding ones appear to be slightly too fast®
These results are not correlated with wind direction as 
the four examples in Plate I illustrate* No* 95 and no* 105 
show the snorkel to be receding at 6.2 to 6*7 knots whereas 
its known speed was 6*0 knots* The vector diagrams show, 
however, that for no* 95 the snorkel is moving approximately 
upwind, and in no* 105 the snorkel is moving approximately 
downwind*
Two snorkels known to be approaching at nearly 6 knots 
are shown in no* 96 and no. 106, Plate I, where they appear 
to be approaching the radar at i|_*2 and 0*6 knots respectively 
(no* 106 is an inverted spectrum)* In no. 96 the snorkel is 
moving approximately upwind, and in no. 106 it is moving 
approximately downwind.
All four cases on Plate I were observed within a period 
of If.0 minutes'* during which the sea state, wind, swell and 
snorkel speed were known to be constant*
No. 99 on Plate III shows a snorkel moving at right angles 
to the direction of the radar, but it appears to be receding 
with respect to the clutter by 3*0 knots.
It is clear that there are some unexplained effects here 
which can only be understood by further study* One possibility
w  m' The time of the observations was made as follows; no* 95, ll±:!i5* 
no* 96, 34^6; no* 105, 15:22; and no* 106, 15:21*., October
S E C R E T
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is that the direct echo is not due to the metal snorkel, 
but due to some water disturbance which has coherent motion 
but which has different velocities when viewed from differ­
ent directions« If this be true, however, where is the echo 
from the metal? Is it too small to be observed?
It should be noted that in all of the above measurements, 
the sea clutter spectrum is the average of Ij. to 9 successive 
range intervals only one of which contains the actual 
snorkel signal« Thus it is certain that the presence of the 
snorkel has not perturbed the sea clutter signal«
These effects are probably not too important from the 
standpoint of detection, but they do raise the interesting 
questions as to the real source of the ’’direct echo”, and 
also concerning the mean velocity of the sea surface 
scattersrs.
S E C R E T
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IV Signals from Floating Objects
A free life raft containing a corner reflector was obser­
ved« Due to its small size it was very hard to locate 
visually and even with the aid of a smoke bomb, only two 
detections were scored« These are shown in no« 271 and no« 272 
on Plate III« In both cases the raft signal is nearly in 
the center of the clutter spectrum although there Is a slight 
displacement of the raft echo to lower frequencies compared 
to the mean sea clutter frequency« Since both these spectra 
are inverted, it means that the raft is moving with respect 
to the clutter at about l/2 to 1 knot toward the aircraft 
(i.e«, upwind)«
In both cases there Is observable frequency modulation
/
of the raft echo0 This suggests that a one second observa­
tion time plus careful examination on an adequate display 
couh greatly aid in target identification«
A helicopter signal is also present in no« 271* This 
aircraft was taking synchronized movies of the raft through 
a telephoto lens0 The purpose was to test the synchronizing 
system described in the next section« The helicopter spectrum 
turned out to be very sharp and It does not seem to affect 
the surrounding sea clutter spectrum« Thus it is clear that 
the telephoto lens is not necessary, which is fortunate since, 
due to vibration, only about one frame in five was usable« By 
merely moving at a few knots different speed than the snorkel 
the helicopter can hover right over the target, take very
S E C R E T
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detailed pictures and still not interfere with the snorkel 
radar echos*
These meager results on floating objects suggest that 
coherent radar, properly used can aid in identifying the 
nature of small targets. However, much more work is needed 
to substantially evaluate this feature.
V Synchronized Movies and the Radar Frequency Spectra
It is possible that high resolution moving pictures 
of an operating snorkel which were synchronized to l/lO second 
or better with the radar echo frequency spectra would give 
valuable insight into the detection operation. Such a 
system was assembled with the aid of VX-1 personnel, and 
tested against the raft. An operator in the helicopter 
randomly flashes an instrument .light (discharging a 
condenser) which is projected through a beam splitter so as 
to fall on the movie film, ^he flashes were adjusted to 
last about one frame. The current pulse caused by the flash 
produces a signal that enters the regular microphone connec­
tion of a standard radio transmitter, is received in the 
radar aircraft and is recorded on one channel of the two 
channel tape recorder (the other channel contains the radar 
data). Later the spacing of the light flashes on the film 
are matched with the tape recorded pulses giving exact 
identification of movie frames with the corresponding section 
of tape. This process was actually carried out and the
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identification effected for one case, no« 271« The picture 
quality of even the best frames was not adequate to make any 
significant interpretation possible* However it was proved 
that the synchronizing system works, and also that, by velocity 
discrimination, the helicopter will not interfer with the 
snorkel signal even at a very close range* A way is opened 
up therefore for some interesting studies regarding the 
physical state of the snorkel and the corresponding radar 
echo «
VI Conclusions
Most of the conclusions have been stated in part II of 
this report*
Coherent radar has given some new information about 
snorkel, periscope, and sea clutter signals* However it has 
also raised some interesting theoretical and practical ques­
tions regarding the nature of these signals, particularly with 
respect to their relative velocities* It is clear that further 
studies are needed to resolve some of the questions and to 
more accurately evaluate the magnitude of the improvement in 
snorkel detection and identification that coherent radar 
makes possible.
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Table I - Summary of 58 Snorkel and Periscope Detections
No • of 
Samples Target Average Sea Average Av0 a/c Depres.Target State Range Alt* Angle 
Height
Average Power Ratios
Direct Wake Direct Dir + 
clutter clutter wake wake
clutter
9 Chivo, snorkel 
(underwater 
exhaust)
1-2 2500 yd 1000* 7.6° 2*3 1.8 1.3 i).i
~ Chivo, snorkel 
and search 
pe riscope
If.5' 1-2 2500 yd 1000* 7.6° 2.0 1 4 1 .I) 3.1)
6 Trumpet fish, 
Snorkel (under­
water exhaust)
2.8' 1-2 3500 yd 500 ' 2.7° 1*2 3.3 o.l) 1)4
16 Amberjack snor­
kel (overwater 
exhaus t)
3.5« 2 2500 yd 1000« 7.6° 3.0 0*3 10 3o3
3 Amberjack, snor­
kel and search 
periscope
2 2500 yd 1000« 7.6° 7.0 0.2 35 7.2
11 Gauvina, snorkel 
(underwater 
exhaust)
k' 1 I4.GOO yd Sbo« 2.1).0 0.6 0.2 3 .8
6 Chivo, attack 
periscope 1).5' 1-2 2500 yd 1000» 7.6° l.i). 1.7 0.8 3.1
w
w
o
w
w
H3
Radar Characteristics- p«r«*f* - 2000 cps, pulse length = l/2 microsecond, bearawidth » iiol0 
A - 3*2 cm., the individual detections each lasted one second 
making the sample size about 2000* Horizontal polarization on 
both transmission and reception*
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SAMPLE No. 9 5
TARGET-SNORKEL, 5FT,AND SEARCH
PERISCOPE, 5 FT, USS AMBERJACK 
SEA STATE 2 
ALTITUDE-1200 FT.
RANGE-2500 YDS.
PRF-2080 P.P.S.
PERISCOPE 8 SNORKEL SEA CLUTTER 95
o FREQUENCY (Cycles/Sec.) o FREQUENCY (Cycles/Sec.)
1200
A/C 144 KNOTS
SAM PLE No. 9 6
TARGET-SNORKEL, 4 1/2 FT.
USS AMBERJACK 
SEA STATE 2 
ALTITUDE-1100 FT. 
RANGE-2500 YDS. 
PRF-2080 PP.S.
FREQUENCY (Cycles/Sec )
A/C 149 KNOTS
SEA CLUTTER
S A M P LE  No. 106
TARGET-SNORKEL, 4 FT.
USS AMBERJACK 
SEA STATE 2 
ALTITUDE- 1200 FT. 
RANGE-2500 YDS. 
PRF-2080 P.P.S
FREQUENCY (Cycles/Sec.)
A/C 124 KNOTS
AÆ VELOCITY REFERS TO GROUND TRACK
P
L
A
T
E
I
I
I
I
I
SNORKEL SEA CLUTTER 
\ >--------‘-------- »
POWER IN 
500 TO 850 C.P.S 
REGION J
228
SAMPLE No. 2 2 8 8
TARGET-SNORKEL,ABOUT 4 FT
USS GUAVINA cn
SEA STATE 1
ALTITUDE-600 FT. I -
RANGE-5050 YDS.
PRF-1980 P.P.S.
0-
S A M P LE  No. 2 3 0
TARGET-SNORKEL, ABOUT 4 FT.
USS GUAVINA 
SEA STATE I 
ALTITUDE-660 FT.
RANGE-4920 YDS.
PRF-1980 P.P.S.
A/C 143 KNOTS
WIND 10 KNOTS
SUB 5 KNOTS
FREQUENCY (Cycles/Sec.)
450 1000
FREQUENCY (Cycles/Sec.)
SAMPLE N o .2 2 9
TARGET-SNORKEL, ABOUT 4 FT.
USS GUAVINA 
SEA STATE I 
ALTITUDE-580 FT.
RANGE-5160 YDS.
PRF-1980 P.P.S.
POWER IN 
600 TO 850 C.P.S.
S A M P LE  N o .231
TARGET-SNORKEL a  PART OF CONNING TOWER 
USS GUAVINA 
SEA STATE I 
ALTITUDE-565 FT.
RANGE-8030 YDS.
PRF-1980 P.P.S.
FREQUENCY (C ycles/S ec.)
500 1000
SUB 5 KNOTS
SECOND HARMONIC*
SNORKEL AND 
PART OF CONNING 
TOWER,
SEA CLUTTER
o FREQUENCY(Cycles/Sec.) 1200
A/C VELOCITY REFERS TO GROUND TRACK
P
L
A
T
E
 
H
I
I
I
I
I
POWER SUPPLY SEA CLUTTER PERISCOPE IIO
itn1 RAF\T{ V*-C(LI
SA M P LE No. IIO
TARGET-ATTACK PERISCOPE, 4 1/2 FT.
USS AMBERJACK 
SEA STATE I 
ALTITUDE-1050 FT.
RANGE-2500 YDS- 
PRF - 1980 P.P.S.
FREQUENCY (C yc les/S ec)
SNC *KEL
, SEA CLUTTER
99
SA M P LE  No. 9 9
TARGET-SNORKEL, 2 1/2 FT.
USS AMBERJACK 
SEA STATE 2 
ALTITUDE-1000 FT.
RANGE-2500 YDS.
PRF-2080 P.P.S.
FREQUENCY (Cycles/S ec.)
SA M P LE  No. 2 7 2
TARGET-RAFT 
SEA STATE 2+ 
ALTITUDE-500 FT. 
RANGE-3700 YDS. 
PRF-1980 P.P.S.
A/C 136 KNOTS
A/C VELOCITY REFERS TO GROUND TRACK
P
L
A
T
E
 m
